Although significant progress concerning the etiology of human disease is frequently realized through the use of animal models, convincing proof of any findings must ultimately depend on demonstrated parallelism between the animal and the human response. In attempting to study the possible causative agent operating in the production of Clostridium perfringens food poisoning symptoms, various animals have been employed (11, 14, 18, 19, 23) .
Recently, the use of ligated loops of intestine has been proposed as an assay method for determining the enteropathogenicity of strains of C. perfringens. Duncan et al. (8) employed this procedure, utilizing young rabbits as test animals.
Almost simultaneously Hauschild et al. (12) described the application of the same technique in lambs. The latter workers used a strain of C. perfringens which had been previously shown in their laboratory to have produced intestinal disturbance in five of six cases when fed to human beings (13) . Their evidence supported the proposition that a positive response in a ligated loop of lamb intestine indicated a strain of C. perfringens which would produce symptoms commonly developed in C. perfringens food poisoning.
More recently, a correlation has been established between the accumulation of fluid in the ileum of the rabbit and a diarrheal response in monkeys (7) . The purpose of this study was to test whether a positive response obtained after introduction of a strain of C. perfringens or its cell extract or culture filtrate into the ileum of a young rabbit (5, 6) does denote a strain capable of producing the food poisoning syndrome in human volunteers. The procedures for performing the rabbit test have been described elsewhere (8) .
In this paper, as in the preceding report (7) , the term "rabbit-positive" is used to describe strains of C. perfringens, or products thereof, which repeatedly have been shown to produce in young rabbits either fluid accumulation in the ligated ileum or overt diarrhea subsequent to intraileal injection of the nonligated gut, or both. Conversely, "rabbit-negative" denotes the absence of such response in any regular pattern. Preparation of challenge dose. The cell suspensions were prepared as previously described (7) . Two different carriers were used in presenting the challenge dose to the subjects. In the first series of tests, for each subject, 20 ml of cell suspension, providing as an average 3.3 X 1010 total viable cells and 2.5 X 108 spores, was added to 80 ml of chocolate-flavored dairy drink contained in a commercial-type wax carton. The cell suspension was added just before the consumption of the dairy drink by the subject. The dairy drink was at refrigerator temperature.
In a second series of experiments, the carrier was commercially canned beef stew. Cans (7.5 oz) of the stew were placed in a incubator at 46 C in sufficient numbers so that one can was available for each subject for each test. In the first experiments in this series, the required number of cans of beef stew was removed from the incubator, each was flamed with alcohol and opened, the inoculum (average, 2.5 X 1010 total cells; 7.8 X 107 spores) was added to the contents of the can, and the mixture was stirred with a sterile wooden tongue depressor. Immediately thereafter the subject consumed the stew together with buttered bread and milk or coffee, or both. For all later experiments, the inoculum was added aseptically to the warm stew, with subsequent incubation of the stew at 46 C for 3 hr. The average counts at the time of feeding were 4.4 X 1010 total cells and 3.0 X 108 spores. For each feeding test, the subjects were divided into groups of four or five members. Each person within a group received an identical challenge dose. Each subject completed and returned a chart which described his response to the challenge dose. In total, 131 feeding tests were made.
Serological typing of C. perfringens isolated from postchallenge fecal specimens. To assess whether the C. perfringens cells detected in the fecal specimens collected after oral ingestion of the challenge dose by the subject (i.e., the DS or 24-hr-S fecal samples) belonged to the strain which had been recently consumed, a limited number of serological typing reactions were carried out. Specific antisera were employed to confirm the identity of the C. perfringens isolates. In addition to using the antisera of the strain most recently fed, antisera for strains consumed in earlier feedings were employed, to test for possible "carry-over" of the strains. For controls, similar serological testing was carried out on strains isolated from feces of subjects before initial challenge. The serological identification of the strains was determined by the agglutination test (9) . r'
Heat resistance determinations. High-heat resistance of spores of C. perfringens has, in some instances, appeared to be a characteristic associated with the food poisoning strains. However, it has been reported that both heat-sensitive and heat-resistant strains may cause food poisoning (22) . It was, therefore, of interest to determine whether the rabbit-positive and rabbit-negative strains, which were fed to the subjects during the course of these experiments, differed in this regard.
The Dloo value (time in minutes for inactivation of 90% of the spores at 100 C) of spores of each strain was determined. Methods previously described (4) were used, except that TSN (BBL) instead of SPS (Difco) agar was used to determine viable counts.
In the present experiments, the time required for the contents of the thermal death time tubes to reach 100 C ("come-up time") was 42 sec.
RESULTS AND DISCUSSION The results presented in Table 1 indicated that, of the persons challenged by rabbit-positive viable cells of C. perfringens, 57% reported one or more of the symptoms commonly associated with C. perfringens food poisoning. Similarly, 21% of persons fed rabbit-negative cultures reported such symptoms.
Closer inspection of the data suggests that the responses of the human subjects, when fed rabbitpositive or rabbit-negative strains of C. perfringens, were somewhat more divergent than first appeared (Tables 1 and 2 ). Occurrence of diarrhea is probably the most objective of the symptoms. Based upon this criterion, 26 or 45% of the persons tested showed signs of C. perfringens food poisoning when fed rabbit-positive strains, whereas only 1 of 29 or 3.4% of those tested responded similarly when rabbit-negative strains were fed. In the latter instance, the one person reporting diarrhea indicated that the symptom did not appear until 31 hr after the culture had been consumed. In known C. perfringens food 3, 1971 poisoning outbreaks, the symptoms have been described as appearing 6 to 24 hr after consumption of the peccant food (1). Therefore, the question arises as to whether the diarrhea experienced by the person consuming the rabbit-negative strain was associated with the experimental procedure. The results obtained when cell-free concentrated filtrates were fed to the subjects are shown in Table 3 . Four of 15 subjects developed diarrhea when culture filtrates from rabbit-positive strains were fed, whereas no diarrhea was reported by the 16 persons who ingested filtrates prepared from rabbit-negative strains. One subject fed filtrate from a rabbit-positive strain vomited. These results support the concept of an enteropathogenic factor being responsible for C. perfringens food p g symptoms (3, 6) . A consideration of total viable cell and spore counts of C. perfringens in the feces of the experimental subjects reveals little which is definitive. Figure 1 illustrates the average and the range of the viable cell and spore counts which were encountered. When the total cell and spore counts for the preliminary fecal sample (which was obtained previous to the feeding of each challenge dose of viable cells of C. perfringens) were taken as a base line, in 19 of 21 tests there was some increase in average total counts for the samples (DS or 24-hr S) secured subsequent to the feeding. Compared in the same way, the spore counts were always somewhat higher in the time shortly after the subjects had consumed the suspensions of cells. Six days after the feeding of the respective challenge doses to each group of subjects, the fecal total cell and spore counts for C. perfringens (6- io'OF---102 spores were present. Since vegetative cells appear to be more affected by acidity than spores (8a), it may be that this strain did not survive passage through the stomach. Table 4 indicates the results obtained when D,oo values were determined as a measure of heat resistance for the rabbit-positive and the rabbitnegative strains of C. perfringens. For rabbitpositive strains, the D1oo values varied from 0.70 to 38.27. These results point out that strains producing a response in the ileum of the rabbit may be of varied heat resistance. Fewer observations were made on rabbit-negative strains, but the data available suggest that such strains are characterized by a low degree of heat tolerance. However, evidence has been presented by Sutton and Hobbs (22) , among others, that C. perfringens food poisoning may be caused by heat-sensitive as well as heat-stable strains of C. perfringens.
During 1968 and for the period of January to June 1969, the attack rate for persons exposed to the possibility of contracting C. perfringens food poisoning was stated to be, overall, 33.9 and 56.7%, respectively (16, 17) . In the present experiments, attack rates obtained for the selected population which was fed rabbit-positive strains were essentially identical (57%) with the 1969 figure. Under conditions most closely resembling a "natural" outbreak (i.e., viable cells allowed to grow for 3 hr in beef stew held at 46 C), the attack rate when the criterion for illness was diarrhea was 61.0% for subjects fed rabbit-positive cells and 0% for those fed rabbit-negative strains.
When diarrhea occurred in members of the test groups fed viable cells, the range of time of ap- (13) reported diarrhea to occur between 4 and 9 hr after cell ingestion and to continue for periods of 4 to 21 hr. The four subjects demonstrating diarrhea subsequent to the ingestion of concentrated culture filtrates reported the appearance of the symptoms in 2 to 2.5 hr after consumption of the challenge.
In the laboratory study done by Hauschild and Thatcher (13) , certain food poisoning symptoms, typical of those induced by the presence of large numbers of C. perfringens in food, were induced in five of six human volunteers subsequent to feeding 4 X 109 to 6 X 109 vegetative cells of strain S-79. For feeding, the cells were suspended in cooked milk and the subjects consumed an additional 100 ml of milk, apparently followed immediately by their eating lunch. In our experiments, the effects produced by feeding the viable cultures to the subjects seemed to be enhanced if considerable amounts of food were eaten at the time the cultures were presented. A logical explanation for this observation would appear to be the buffering action of food on the acidity of the stomach. Strains of C. perfringens have been shown to be susceptible in some degree to the action of acid in the range of the pH of the stomach (8a, 10). In our laboratory, it has not been possible to induce diarrhea in rabbits, a species known to maintain low pH value in the empty stomach, by oral challenge (5) . Obviously, the fate of the cells in the stomach is closely related to the sequential effect in the gut.
Interpretation of data relative to the number of total viable cells or spores of C. perfringens, or both, in the feces of "normal" people and of persons who have experienced diarrhea as a consequence of consumption of large numbers of the organisms in food is difficult. Variation exists between individuals and for a single individual at different times. The average viable counts we obtained for total cells and for spores of C. perfringens in feces during the prechallenge dose period were the same or higher than those that have been reported for the general population by other investigators. The range of average total cell counts for groups for all experiments was 1.5 X 105 to 9.2 X 107 and for spores was 1.1 x 104 to 2.3 x 107 per g of dry feces. These values should be considered approximate since the effect of heat shock, and hence the relationship between total counts and spore counts, cannot be definitively estab-lished; nevertheless, the figures presumably reflect, with some accuracy, the concentration of viable organisms which existed.
Sutton (21) reported for an assorted human population a median of 3.7 X 104 and a mean of 1.40 X 105 as the viable count for C. welchii (perfringens) per g of feces. Earlier (20) he had found that participation in communal feeding and poor hygienic conditions influenced the carrier-rate for heat-resistant C. perfringens in human feces. In a later study, Sutton and Hobbs (22) stated that fecal median counts for C. welchii (perJringens) of 103 per g of feces are within normal limits. In a series of 57 samples of feces from normal human intestines, Nakagawa and Nishida (15) found a variation of from 103 or less to 106 or more cells of C. perfringens per ml of feces. Hauschild and Thatcher (13) reported a concentration of 104 to 3 X 104 spores of C. perfringens per g of feces of subjects before cell ingestion. Presumably, the values reported in the literature were based on moist fecal material in contrast to our values which are expressed in terms of dry fecal material.
Questions which might arise concerning other aspects of our study include the possible development of immunity in our subjects, many of whom were tested eight times, and the psychological effect of suggesting to the patients symptoms which they might encounter. Dische and Elek (2) observed earlier that repeated feedings of the same subject with viable cultures of C. welchii (perfringens) did not mitigate the symptoms occurring at the time of the second or third challenge dose. Therefore, they concluded that ". . . there was no indication that clinical immunity had developed" (reference 2, p. 73). Our findings supported those of Dische and Elek.
It is difficult to assess the effect of suggestibility in regard to the symptoms reported by the subjects after consuming challenge doses of viable C. perfringens. It is possible that subjective symptoms reported were not associated with the ingestion of the test cultures. For this reason, those instances in which diarrhea occurred are regarded as especially significant.
Finally, the correlation of results obtained in these human feeding studies with those acquired throughout the series of studies in which rabbits and monkeys have been utilized deserves comment. A summary of the findings resulting from the injection of the ligated loops and the nonligated ilea of rabbits with viable cells, cell extracts, or culture filtrates for selected strains of C. perfringens was presented in an earlier publication (6) . Suffice it to state here that both viable cells and cell-free products of strains NCTC 8239, NCTC 8798, NCTC 10239, NCTC 10240, E13, 68900, 79394 and 027 produced, with significant regularity, an accumulation of fluid in ileal loops, or overt diarrhea, or both, subsequent to challenge in young rabbits. Viable cells of the same strains produced diarrhea in 57% of the 35 monkeys tested (strain 68900 not tested; 7) and in 45% of 58 persons in the current study. Culture filtrates prepared for each of four strains (NCTC 8793, NCTC 10239, NCTC 10240, and NCTC 8239) produced, overall, diarrhea in 8 of 20 monkeys and vomiting in 11 of 20 monkeys (7). The concentrated filtrates obtained from the same four strains produced diarrhea in 4 of 15 human subjects and vomiting in 1.
Of the rabbit-negative strains, NCTC 8247, F42, and FD1 also were first isolated from sources (i.e., food or feces) associated with C. perfringens food poisoning. Neither viable cultures of these strains nor, in a limited number of trials, culture filtrates produced a response in rabbit tests or in any of 20 tests in monkeys (7) . In human beings, only 1 somewhat doubtful positive response was recorded in 22 challenges with viable cells, and an additional 12 challenges made with culture filtrates prepared from the rabbit-negative strains were also negative. Viable cells or filtrates of strain 215b, which was originally isolated from beef liver, did not induce a positive response in rabbits, monkeys, or human beings.
The observations concerning the rabbit-negative strains of C. perfringens suggest that the factor responsible for food poisoning has, in some cases, apparently been permanently lost during repeated subculturing in the laboratory. Results obtained with other strains indicate that the production of the diarrhea-inducing factor may occur irregularly and thus these strains would seem to be intermediate between the rabbit-negative and the rabbit-positive groups.
